Free-living and captive chelonians might suffer from upper respiratory tract disease (URTD), a pathology primarily caused by Mycoplasma agassizii. Wild tortoises can also be an important reservoir of Salmonella spp., which are commensal in the host reptile but are potential zoonotic agents. Between July 2009 and June 2010, we screened free-living European tortoises (spur-thighed tortoises Testudo graeca, Hermann's tortoises Testudo hermanni, marginated tortoises Testudo marginata) temporarily housed in a wildlife center in Italy. We molecularly characterized 13 Mycoplasma isolates detected in all Testudo spp. studied, and three PCR-positive animals showed typical URTD clinical signs at the time of sampling. Three Salmonella enterica serotypes (Abony, Potsdam, Granlo), already related to reptile-associated human infections, were also identified. These results highlight the potential role played by wildlife recovery centers in the spread and transmission of pathogens among wild chelonians and to humans.
Tortoises and turtles commonly suffer from upper respiratory tract disease (URTD). The disease, which is characterized by mild to severe rhinitis, nasal and ocular discharge, conjunctivitis, and periocular edema (Origgi and Jacobson, 2000) has been associated with major losses in free-ranging tortoise populations (Dickinson et al., 2005) . The most frequently reported agent of URTD in tortoises is Mycoplasma agassizii, a bacterium transmitted via direct contact and showing cyclic signs of infection. Mycoplasmas usually result in chronic, subclinical infections with recurrence of clinical signs and increase in transmission potential when the host is stressed (Simecka et al., 1992) .
Mycoplasmas are associated with significant morbidity and mortality in free-living gopher tortoises Gopherus polyphemus (Berish et al., 2010) , Mojave desert tortoises Gopherus agassizii , eastern box turtles Terrapene carolina carolina (Feldman et al., 2006) , and ornate box turtles Terrapene ornata ornata (Farkas and Gá l, 2009) , as well as in captive and pet Testudo species (Soares et al., 2004) .
Chelonians also host Salmonella species (Hidalgo-Vila et al., 2008; Percipalle et al., 2010) , occasionally representing a threat to public health, especially for children (Harris et al., 2010) . In tortoises, Salmonella spp. are part of the intestinal flora that rarely cause disease, except in stressed or immunocompromised animals, where they can cause zoonotic salmonellosis. The incidence of pathogenic Salmonella spp. infection in free-living wild tortoises is poorly studied (Hidalgo-Vila et al., 2007) .
We report the identification of pathogenic strains of Mycoplasma and Salmonella in terrestrial Mediterranean tortoises recently arrived in a wildlife center in Sardinia, Italy. Sardinia is an ideal natural laboratory for studies of Testudo spp., as all three European species (spur-thighed tortoise T. graeca, Hermann's tortoise T. hermanni, and marginated tortoise T. marginata) live in this area. All three species are included in CITES Appendix II (CITES, 2011) , and locally protected. Testudo graeca and T. hermanni are listed as 'vulnerable' and 'near threatened' respectively (IUCN, 2010) , and the decline in numbers of wild populations is well documented (Hailey and Willemsen, 2003) .
Thirty tortoises were sampled between July 2009 and June 2010; 22 marginated tortoises, four spur-thighed tortoises, and four Hermann's tortoises. All were recovered in the wildlife center Centro Fauna Bonassai, Sassari, Italy. Many were collected on roads and had carapace traumas or other injuries (Table 1) . Collection sites distribution, species, sex, and registered clinical signs are shown in Table 1 and Figure 1 .
We collected oral and cloacal swabs from each tortoise using sterile cotton swabs and stored them at 4 C until bacterial isolation or DNA extraction. Bacteriologic examination followed standard protocols (Brown et al., 1995; Alberti et al., 2006; Grimont and Weill, 2007) . We extracted DNA from oral swab tips using QiAmp DNA Mini Kit (Qiagen GmbH, Hilden, Germany). Primer pairs Box-F and Box-R (59-CTGCTGTTATACA-GAAAGAAAAG-39 and 59-GACTTTGG-GCATTACCGGC-39, respectively; Feldman et al., 2006) were used to amplify 994 base pairs of the 16S rRNA region of mycoplasmas. Both PCR and cloning were performed (Lecis et al., 2010) and DNA sequences were edited and aligned using CHROMAS and the CLUSTALW option of BioEdit (Hall, 1999) . Sequences were queried against the GenBank database using the Basic Local Alignment Search Tool (BLAST; NCBI, 2010). Phylogenetic analyses were conducted using MEGA version 4 (Tamura et al., 2007) . Genetic distances were computed by the Kimura 2-parameter method and were used to construct neighbor-joining and maximum parsimony trees. Of 30 tortoises screened for Mycoplasma spp., 11 (37%) were PCR-positive, representing all three species and seven collection sites (Table 1, Fig. 1 ). Three PCR-positive tortoises (samples Tm P, Tm Z and Th sch) had respiratory clinical signs, typical of URTD, at sampling.
A fragment of approximately 1 kb of the mycoplasma 16SrRNA gene was amplified from all clones. Nineteen variable positions (Table 2) , resulting in the identification of 13 slightly different sequence types, were found when comparing the obtained sequences with the M. agassizii deposited sequence. Most of the sequences were amplified from T. marginata and T. graeca (10 and 4, respectively); only one was amplified from T. hermanni. Some sequences were only found in one species (i.e., GR1 and TG2 in T. graeca; N1 and N2 in T. marginata), while Tm24-1 was found in all three species. Sequences were deposited in GenBank under accession numbers HQ326165, HQ326166, HQ32-6167, HQ326168, HQ326169, HQ326170, HQ326171, HQ326172, HQ326173, HQ-326174, HQ326175, HQ326176, and HQ326177.
Performing BLAST analyses, tortoise mycoplasma sequences did not fully match any deposited sequence. Maximum identity values (98% to 99%) were with M. agassizii, with query coverage ranging from 82% to 91%, followed by Mycoplasma testudineum and Mycoplasma cheloniae. We aligned our sequences with the corresponding 16S rRNA region of 25 other Mycoplasma species, representing the major groups within Mycoplasmatales (Pettersson et al., 2000) and species occurring most frequently in reptiles. The phylogram (Fig. 2) , consistent with the topology of previously published analyses based on 16S rRNA of mycoplasmas (Pettersson et al., 2000) , shows the close relationship of the FIGURE 1. Collection sites in Sardinia, Italy of tortoises screened for Mycoplasma and Salmonella. Shaded circles indicate sites with tortoises that were PCR-positive for Mycoplasma. Diamonds are collection sites of Salmonella carriers. Open circles are sites where all tortoises were negative for both agents. Localities: 1. Olmedo; 2. Sassari; 3. Ittiri; 4. Macomer; 5. Castelsardo; 6. Tempio; 7. Alá dei Sardi; 8. Nuoro; 9. San Teodoro; 10. Olbia; 11. Arzachena; 12. Palau; 13. Fertilia airport. detected sequences to M. agassizii. The tree also shows the assignment of the mycoplasmas detected in Testudo spp. to the Mycoplasma pulmonis cluster within the hominis taxonomic group.
The association of Mycoplasma with respiratory clinical signs in three animals (Table 1) suggests a role for these mycoplasmas as agents of URTD. Their pathogenic potential was confirmed by phylogenetic analyses, identifying M. agassizii as the most closely related species (Fig. 2) . There is variation among strains of M. agassizii and other species (such as M. testudineum) in their ability to cause URTD (Brown et al., 2001 . In chelonian mycoplasmosis, the host immune response to infection accounts for much of the pathologic change in the nasal cavity. Also, as already mentioned, predisposing factors (carapace traumas, environmental stress, human impacts, and habitat degradation) are involved in epizootics of mycoplasmosis in tortoises and other animals (Simecka et al., 1992) .
The effects of mycoplasmosis on the long-term health and viability of affected chelonian populations is poorly understood (Berish et al., 2010) . Chronic inflammatory changes in the nasal cavity tissues of affected tortoises might have adverse effects on foraging and reproductive behavior (Rostal et al., 1996) . This is especially important when tortoise populations are fragmented or locally endangered, as is the case for T. marginata, T. graeca, and T. hermanni nuclei in Sardinia (Colomo, 1999) . Wildlife recovery centers provide essential infrastructure for the care, management, and conservation of many wildlife species. They also represent potential reservoirs for pathogens, as often animals originating from different localities are housed together in crowded conditions, sometimes for long recovery times (Lecis et al., 2010) . In this study, all individuals were sampled upon arrival at the center; therefore, local bacterial transmission through direct contact with already housed chelonians is unlikely. However, tortoises are usually kept in collective Feldman et al., 2006) .
FIGURE 2. Phylogenetic tree (neighbor-joining, Kimura 2-parameters) based on 16S rRNA gene sequences comparing the tortoise mycoplasmas with other known pathogenic Mycoplasma spp. and showing their assignment to the Mycoplasma pulmonis cluster within the hominis taxonomic group. Bootstrap percentage values from 1,000 replicates are located at nodes of the tree. GenBank accessions used in the analyses were: Mycoplasma agassizii (AF060821), M. agassizii PS6 (NR025954), Mycoplasma testudineum (AY366210), Mycoplasma cheloniae (U19768), M. pulmonis (AF125582), Mycoplasma hyorhinis (AF258792), Mycoplasma sualvi (AF412988), Mycoplasma equigenitalium (AF221120), Mycoplasma agalactiae (U44763), Mycoplasma hyopharyngis (U58997), Mycoplasma synoviae (X52083), Mycoplasma alligatoris (U56733), Mycoplasma crocodyli (U63137), Mycoplasma indiense (AF125993), Mycoplasma salivarium (AF125583), Mycoplasma hominis (AJ002268), Mycoplasma spumans (AF125587), Mycoplasma falconis (AF125591), Mycoplasma anseris (AF125584), Mycoplasma cloacale (AF125592), Mycoplasma phocicerebrale (AF304323), Mycoplasma arginini (AF125581), Mycoplasma auris (U67944), Mycoplasma alkalescens (U44764), Mycoplasma testudinis (U09788), and Mycoplasma pneumoniae (AF132740).
enclosures and subsequent transmission to other animals may occur. This should be avoided in order to prevent Mycoplasma spread and potential reintroduction of carrier individuals in pathogen-free localities. Monitoring of the distribution, prevalence, and etiology of URTD in Mediterranean tortoises should be conducted. Research should focus on the long-term effect of mycoplasmosis on individual survival and reproduction and on tortoise population dynamics and viability, which are of primary importance to safeguard fragmented populations in Sardinia.
Three serotypes (Abony, Potsdam, and Granlo) of the pathogenic Salmonella enterica were isolated from the screened tortoises. Serotype Abony, already isolated in Testudo spp. and related to turtleassociated pathologies in humans (Hidalgo-Vila et al., 2008; Van Meervenne et al., 2009 ) was carried by a T. marginata tortoise collected in the countryside around Olbia in northern Sardinia. Serotypes Potsdam and Granlo, potential zoonotic agents, were found in T. graeca individuals confiscated at the airport of Fertilia Sassari before being illegally traded outside the island.
Terrestrial tortoises can be an important reservoir of Salmonella spp. (Hidalgo-Vila et al., 2007) . Prevalence of Salmonella serotypes in chelonians may vary (Richards et al., 2004; Percipalle et al., 2010) but was .70% in one center (Pasmans et al., 2000) . Further research should involve repeated sampling and higher numbers of screened tortoises. Temporary housing of infected individuals in a wildlife center raises two concerns: 1) the risk of transmission to other animals, including those belonging to endangered species, temporarily housed in Centro Fauna Bonassai, SS; and 2) the risk for public health, especially for people recovering tortoises in the wild, keeping them as pets, or working in or visiting the wildlife center. Illegal wildlife trade also poses a public health concern apart from conservation implications for the locally endangered T. graeca populations.
Reptile-associated salmonellosis recently described in the US and Europe (Harris et al., 2010) highlights the necessity of public awareness by veterinary services and the local populace. Wildlife recovery centers should apply practical control measures to prevent the spread and transmission of pathogens among temporarily housed chelonians. Care should be taken when handling chelonians and when introducing animals into captive colonies if clinical history is not known. Healthy tortoises should be thoroughly evaluated before being released to the wild and infected individuals should not be housed with healthy tortoises. Further investigation of the prevalence of Salmonella serovars in Testudo spp. in Sardinia would be useful toward understanding the epidemiology and distribution of these pathogens and to optimize tortoise management and conservation.
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